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Abstract 

Ulcerative colitis and Crohn's disease together are known as inflammatory bowel disease (IBD). Surgery 
is considered for more severe disease and is a dreaded consequence for patients. Thiopurines have 
proven efficacy in the induction and maintenance of remission of IBD, but the long-term need for surgery 
remains uncertain with conflicting results from the available studies. The timing and duration of 
thiopurines also appears to play a pivotal role in the management of these conditions and may also affect 
the need for surgery. Data from Denmark, Canada, Hungary and the UK appear to suggest a reduction 
in surgery rates prior to the introduction of anti-tumor necrosis factor (TNF) therapy. The authors aim 
to review the more recent literature evaluating the surgery rates in IBD and changes in disease trends 
overtime. We ask whether increasing thiopurine prescribing has had an effect on the surgery rates in the 
era of biologic therapy and whether more aggressive treatment approaches have altered the natural 
history of IBD. 



Introduction 

Crohn's disease and ulcerative colitis are part of a group 
of conditions referred to as IBD [1]. The relapsing and 
remitting nature of IBD often causes severely debilitating 
disease, which has an impact on quality of life [2,3]- The 
etiology has not been established but there is an 
exaggerated immune response that leads to diffuse 
mucosal inflammation and symptoms [1,4,5]. 

Corticosteroids are often used to suppress the inflammatory 
response and induce remission [6-9]. Unfortunately, 
steroids have no proven role in maintaining remission 
[10]. Surgery is often required for cases refractory to medical 
therapy, but has associated morbidity and mortality 
[11,12]. We will review the impact of thiopurines, a group 
of drugs used extensively in the induction of remission 
and maintenance for both Crohn's disease and ulcerative 
colitis, and ask if they have any impact on the need for 
surgery in IBD. 



Thiopurines 

Thiopurines (azathioprine and its metabolite 
6-mercaptopurine) are immunomodulatory agents widely 
used in inflammatory conditions. Azathioprine is initially 
converted to 6-mercaptopurine, which undergoes several 
enzymatic pathways and is transformed to its active 
metabolite, 6-thioguanine nucleotides (6-TGN). 6-TGN 
interferes with DNA and RNA synthesis, subsequently 
inhibiting lymphocyte proliferation, which leads to a 
decreased immune response [13-15]. 

Ulcerative colitis 

Ulcerative colitis is characterised by persistent bloody 
diarrhea or rectal bleeding and is restricted to the colon 
[16]. Extensive disease is associated with more severe 
symptoms [16,17]. Mild symptoms are managed with 
5-aminosalicylates (5 -ASA) [18]. Corticosteroids are the 
mainstay of acute treatment for moderate to severe 
disease as highlighted by the original trials conducted by 
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Truelove in 1955 [9]. Between 7 and 22% of sufferers 
experience recurring symptoms or steroid-dependent 
disease [19]. Surgery, in the form of colectomy, has 
remained the only option for disease resistant to medical 
therapy [20,21]. Immunomodulators and thiopurines in 
particular have been advocated to reduce the need for 
colectomy and the requirement for repeated courses of 
corticosteroids [19]. Cyclosporin, infliximab and adali- 
mumab have also been evaluated (mainly in the context 
of acute severe ulcerative colitis in hospitalised patients) 
but will not be discussed further in this review. 

The majority of controlled trials evaluating the use of 
thiopurines in ulcerative colitis were undertaken more 
than 30 years ago [22-26]. More recently, in 2006, 
Ardizzone et al. performed a randomized, investigator 
blind, controlled trial comparing azathioprine and 5-ASA 
for the treatment of steroid-dependent ulcerative colitis 
[19]. They found azathioprine therapy to be significantly 
more effective than 5-ASA therapy in the induction of 
clinical and endoscopic remission, and steroid require- 
ment was reduced in the azathioprine group. In 2012, a 
review by the Cochrane collaboration compared six 
controlled trials evaluating thiopurines against placebo 
or thiopurines against 5-ASAs or methotrexate [27]. They 
concluded that azathioprine was superior to placebo in 
the maintenance of remission in ulcerative colitis and 
that more studies were needed to compare azathioprine 
to standard therapy. 

However, none of these studies have evaluated the effects 
of thiopurines on the need for surgery in ulcerative 
colitis. Solberg et al. investigated the course of ulcerative 
colitis during a 10 year follow up period and attempted 
to identify prognostic risk factors based on the informa- 
tion gathered at diagnosis [28]. They reported a 
cumulative colectomy rate at 10 years of 9.8%. They 
also reported on azathioprine usage of 7% but did not 
analyse its effect on colectomy. Targownik et al. reported 
in 2012 on the epidemiology of colectomy in ulcerative 
colitis [21]. Their primary outcome showed a lower 
cumulative incidence of colectomy in ulcerative colitis 
compared to previous studies. However, in subgroup 
analysis, they reported that patients using greater than 
16 weeks of thiopurines were less likely to undergo 
colectomy at 2 years than those using less than 16 weeks 
of therapy (5.6% versus 12.8%, p = 0.0035). Unfortu- 
nately, only 73 patients were in this subgroup with 
20 receiving less than 16 weeks of thiopurines compared 
to 53 receiving greater than 16 weeks of thiopurines. 
Kaplan et al. compared emergent versus elective colect- 
omy rates for patients hospitalised for a flare of ulcerative 
colitis [29]. They concluded that the rates of elective 
colectomy significantly dropped during their study 



period, whereas the emergent colectomy rates remained 
constant. In their subgroup analysis, they noted a 
significant increase (by 20%) in thiopurine prescribing 
between 1997 and 2009 (odds ratio [OR] 1.20; 95% 
confidence interval [CI] 1.14-1.27) and inferred that 
the increase may have had an impact on the decline in 
colectomy rates. This should be interpreted with caution 
as they did not observe a clear inflection point 
correlating with the changes, numbers were small and 
the association was inferred. Williet et al. investigated the 
cumulative incidence of colectomy and the impact of 
medication prescribing on the need for colectomy [30]. 
In a single referral centre, they reviewed 151 incident 
cases of ulcerative colitis and found that 14% underwent 
colectomy during their follow up period between 2000 
and 2010. The cumulative probabilities for colectomy at 
1 and 5 years from diagnosis were 1.3% and 13.5% 
respectively. The probability of receiving azathioprine at 
5 years of follow up was 48.9%. Azathioprine use was 
not associated with a reduced risk for colectomy in their 
univariate analysis and neither was infliximab use. 
Receiver operating characteristic (ROC) analysis did 
not identify a significant threshold for the duration of 
azathioprine with respect to colectomy. The only 
predictor of colectomy in this study was previous 
cyclosporin use with an OR of 4.41 (95% CI: 1.75- 
11.13, p = 0.002). Overall, the more recently evaluated 
studies suggest 10 year colectomy rates in the region of 
10% for ulcerative colitis. This is a significant decrease 
compared to historical cohorts where the 10-year rates 
quoted were as high as 30% [31,32] but whether this 
effect can be solely attributable to thiopurine use needs 
to be proven in an era of biological therapy where these 
effects may be confounded. 

The Active Ulcerative Colitis Trial, (ACT)-l and ACT-2, 
was one of the first trials in ulcerative colitis to show that 
patients with moderate to severe disease receiving 
infliximab had improved clinical outcomes, compared 
to those receiving placebo through a follow up period of 
54 and 30 weeks respectively. However, the long term 
impact of infliximab on colectomy and its use with 
thiopurines in ulcerative colitis remains unknown and 
long term data are awaited [33-35]. 

Crohn's disease 

Crohn's disease is characterised by patchy, transmural 
inflammation affecting any part of the gastrointestinal 
tract with systemic features such as malaise, anorexia and 
weight loss [36]. The natural history of the disease is such 
that there is frequently a progression from an inflam- 
matory phenotype to a stricturing or penetrating one 
[17,36]. Perianal complications are a frequent mani- 
festation of Crohn's disease and result in significant 
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morbidity [2]. Surgery is often reserved for patients with 
complicated or severe disease and, although it is not 
curative, remains important in the management of 
Crohn's disease [37]. In general, Crohn's disease is a 
more aggressive disease than ulcerative colitis, with a 
greater need for surgery and disease modification with 
immunomodulators like thiopurines. 

Several studies have evaluated the natural history of 
Crohn's disease using historical cohorts and healthcare 
records on hospitalisation and surgery to establish 
phenotypic characteristics of disease severity and poor 
outcomes [37]. Early studies, such as those from Oxford 
between 1938 and 1970, showed that up to 74% 
of patients required surgery for Crohn's disease [38]. 
A population-based cohort from Copenhagen County 
between 1962 and 1987, reported surgery rates in the 
first year of diagnosis to be 35%. The cumulative 
probability of surgery was 61% after 10 years and 82% 
after 20 years [39,40]. An updated cohort assessing 
incident cases from 2003 to 2005 reports a reduction in 
the surgery rate within the first year after diagnosis to 
12% [41]. In the UK, a population-based study from 
Cardiff reported that 43% of patients underwent surgery. 
After dividing the cohort into eras, the authors noted a 
significant decrease in the need for surgery during their 
follow-up period between 1986 and 2003 [42]. These 
studies appear to suggest a decline in surgery rates over 
time, which are associated with earlier and more 
frequent use of thiopurines, but may also reflect other 
changes in medical and surgical management. 

In a recent population-based study from Manitoba, the 
cumulative incidence for surgery at 1, 5, 10 and 20 years 
after diagnosis was 13%, 24%, 32% and 39% respectively 
[43]. They identified a decrease in the cumulative inci- 
dence rates of surgery by era of diagnosis. However, 
another population-based cohort from Stockholm County 
between 1955 and 1974, reported rates of surgery of 30%, 
50% and 60% at 5, 10 and 15 years respectively, and this 
did not change significantly when a more recent cohort 
was evaluated [44,45]. In a French referral centre study 
between 1978 and 2002, the 5 year cumulative risk of 
surgery remained stable over time despite an increase in 
immunomodulator use [46]. However, a major limitation 
of this study was the fact that a large proportion of patients 
proceeded to surgical resection prior to treatment with 
thiopurines, or had early surgery within 3 months of 
starting thiopurines [47] . Overall, it appears that up to half 
of patients with Crohn's disease will have undergone 
surgery 10 years after diagnosis [37]. 

We have conflicting evidence that thiopurines may alter 
the natural history of Crohn's disease by reducing the 



requirement for surgery. The studies from Denmark, 
Manitoba and Cardiff do suggest that patients diagnosed 
in a more recent era are likely to undergo surgery less 
frequently, whereas the French and Swedish studies do 
not suggest a change in surgery rates over time. 

The timing and duration of thiopurines may have an 
impact on the surgical outcome [ 1 3] . It has been suggested 
that the majority of patients are likely to have an 
inflammatory phenotype at diagnosis, which changes 
over time to a more stricturing and penetrating behavior 
later in the disease course [48]. This has led to the notion 
that thiopurines and other immunomodulators used early 
in the disease course may alter the natural history of the 
disease, before the development of complications that 
may occur in up to three quarters of patients during their 
lifetime [13]. This was initially suggested by Markowitz 
etal. in 2000 from a paediatric study [49]. Further evidence 
to support early use of thiopurines to reduce the need 
for surgery came from an historical cohort from the Mayo 
clinic in 2009 by Picco and colleagues [50]. In a 
retrospective referral centre observational study (investi- 
gating the time to first surgery in patients treated with 
medical therapies), they found a 59% decrease in the risk 
of first surgery in patients treated with thiopurines for at 
least 6 months duration (hazard ratio [HR] 0.41, 95% CI 
0.21-0.81, P = 0.011. In a population-based inception 
cohort from Western Hungary between 1997 and 2009, 
azathioprine exposure was 45.8% [51]. Lakatos et al. 
divided a regional cohort by year of diagnosis and found 
that exposure to azathioprine increased in patients 
diagnosed later during their follow-up period. They 
also demonstrated a reduction in surgical rates that was 
independently associated with increased and earlier 
azathioprine use. Ramadas et al. reported that early 
thiopurine use within the first year of diagnosis reduced 
the need for intestinal resection by 53% (HR 0.47, CI 0.27 
to 0.79, p 0.005), adding further evidence for the early use 
of thiopurines in Crohn's disease [42]. Peyrin-Biroulet 
et al. conducted an observational study of a referral centre 
cohort and also concluded that treatment with azathio- 
prine for less than 45 days increased the risk of intestinal 
surgery (HR 2.0, 95% CI: 1.20 - 3.34, p 0.008) [52]. 

An increasing trend in the use of immunomodulators 
amongst IBD patients has been demonstrated in a recent 
paper assessing prescribing patterns amongst members 
of the Kaiser Permanente health care system in Northern 
California [53]. Herrinton et al. report a decline in 
hospitalisation rates with no change in the surgery rate 
for Crohn's disease, but a decline in both hospitalisation 
and surgery in ulcerative colitis. This coincides with the 
increasing use of immunomodulator therapy, mainly 
thiopurines, in both Crohn's disease and ulcerative 
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colitis. The change in these rates may also reflect the use 
of biological therapy in Crohn's disease. However, 
biological therapy was not widely available for use in 
ulcerative colitis at the time of study. In a recent study, 
this trend in Crohn's disease has also been documented 
in a national UK-based cohort study using the General 
Practice Research Database (GPRD) [54]. Incident cases 
were identified retrospectively between 1989 and 2005 
and a significant (65%) decline in first intestinal 
resection rates was noted during this period. They also 
found an increasing trend in thiopurine prescribing 
during this time period and also noted earlier use within 
the same time frame. 

In general, there has been an increase in the use of 
thiopurines in Crohn's disease with evidence to suggest 
benefits of earlier and more prolonged duration of use 
and this has been associated with a concurrent reduction 
in intestinal surgery. The evidence from recent cohort 
studies on the impact of thiopurines on surgery is 
generally positive but remains somewhat conflicting. 
A meta-analysis of the reported studies would be useful. 

Infliximab has been known to improve clinical outcomes 
in Crohn's disease for the last 15 years [55] and has been 
approved by the US Food and Drug Administration 
(FDA) since 1998, but the long term risk of requiring 
surgery beyond a year of follow up has not been widely 
reported [37]. The use of concomitant immunosupp- 
ression (i.e. infliximab and a thiopurine) has also been 
shown to be more effective than conventional therapy 
(step-up top-down) [56] and is also significantly better 
for inducing steroid-free remission and mucosal healing 
than azathioprine alone in azathioprine naive patients 
(study of biologic and immunomodulator naive patients 
in Crohn's disease - SONIC) [57] . This may have an impact 
on the reported decline in surgery rates for Crohn's disease. 

Perianal Crohn's disease 

Crohn's disease may be complicated by perianal disease, 
which can lead to faecal incontinence, abscess formation 
and stricturing [58]. The management of perianal lesions 
is complex, with surgery often performed in conjunction 
with medical therapy. The presence of perianal lesions at 
diagnosis has been identified as a marker for an 
unfavorable clinical course in Crohn's disease [59-61] 
and has also been identified as a predictor for disease 
behavior change from an inflammatory to a stricturing or 
penetrating phenotype, over time [62]. A meta-analysis 
reported on fistula closure as a secondary endpoint and 
found that 54% of 70 patients treated with thiopurines 
demonstrated fistula healing versus 21% of controls 
[63]. However, there have been no controlled trials 
where the primary endpoint was the effect of thiopurines 



on fistula closure in patients with Crohn's disease [64]. 
Dejaco et al. showed that patients treated with antibiotics 
failed to maintain an initial response to treatment unless 
the antibiotics were used in combination with azathio- 
prine [65]. Lecomte et al. presented data on the effect of 
thiopurines on patients with perianal lesions in Crohn's 
disease [66]. 94 patients were treated with thiopurines 
for a minimum duration of 6 months and improvement 
was noted in 27 patients (29%). This suggests that 
perianal lesions do respond to thiopurines but not as 
well as intestinal disease does. 

Many of the population-based studies report on the 
proportion of patients with perianal Crohn's disease and 
the fact that the presence of perianal lesions increased the 
risk of surgery [67] but there are no studies investigating 
the effect of thiopurines on the need for perianal surgery. 
Furthermore, perianal Crohn's disease often requires the 
use of antibiotics and, more recently, anti-TNF treatment 
in conjunction with thiopurines, which has changed the 
management of Crohn's disease dramatically [55,68,69]. 
It is now unlikely that thiopurines alone would be used 
as monotherapy to treat perianal Crohn's disease and 
controlled trials would be unethical. The role of thio- 
purines in treating perianal Crohn's disease in the biologic 
era remains uncertain and warrants further research. 

Conclusions 

Referral centre studies prior to the use of thiopurines 
suggest high rates of surgery in Crohn's disease. Compar- 
ison to more contemporary data from population-based 
and referral centre studies suggest greatly reduced surgery 
rates. During the same period, thiopurine usage has 
increased over time, according to cohort studies evaluating 
the trends in disease and natural history of IBD. There 
is also increasing evidence to suggest the early use of 
thiopurines, prior to the development of complications in 
Crohn's disease, may prevent disease progression. Overall, 
the majority of studies report a declining trend in surgical 
resection rates for Crohn's disease, but a minority of 
conflicting studies have not demonstrated this pattern. 
There is also conflicting evidence on whether thiopurines 
affect the natural history of ulcerative colitis and the need 
for colectomy. None of the studies to date evaluate its use 
as a primary outcome in ulcerative colitis where the 
endpoint is colectomy. Similarly, there is a paucity of 
data on the effects of thiopurines on perianal Crohn's 
disease, which requires a multidisciplinary approach and 
a combination of treatments including antibiotics, 
immunomodulators and biologies. Further studies are 
warranted. 

In conclusion, thiopurines have a definite role in the 
management of ulcerative colitis and Crohn's disease 
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and are a valuable tool in the armory of a Gastroenter- 
ologist. The majority of studies suggest a decrease in 
surgery rates in IBD associated with increased and earlier 
use of azathioprine. In our opinion, thiopurines in 
tandem with newer biological agents do seem to have an 
effect on resection rates, but surgery is still required for 
many patients. Whether more aggressive treatment 
approaches in IBD will affect the long-term need for 
surgery and ultimately, alter the natural history of these 
conditions remains unknown. 

Our practice is to consider early introduction of thiopur- 
ines in patients with moderate to severe disease requiring 
early or repeated courses of steroids. There should be a 
lower threshold for the introduction of thiopurines in 
patients with Crohn's disease who are under 18 at 
diagnosis, have perianal disease or have isolated proximal 
small bowel disease since these are adverse prognostic 
markers. The timing of thiopurine discontinuation is 
contentious. A discussion after 3-5 years of quiescent 
disease should be considered but studies investigating 
thiopurine withdrawal have suggested a higher rate of 
relapse even after prolonged quiescence [70,71]. The 
benefits of treatment need to be tempered by a discussion 
of the small but significant increased risk of lympho- 
proliferative disorders associated with thiopurines [72]. 
The decision to withdraw treatment requires careful con- 
sideration on an individual basis and is often guided by 
the patient's wishes. 
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